• Key message The recommendations accompanying pesticide derogations from the FSC are not efficient for the management of leaf-cutting ants and termites in certified forest plantations in Brazil compared with chemical control using insecticides. FSC recommendations ignore the biological and ecological features of pests and forest plantations in Brazil when they set global rules for forest certification.
Introduction
To prevent the trade of illegally logged timber and to promote sustainable forest management systems with social and environmental integrity, voluntary certification systems such as the Forest Stewardship Council (FSC) have been developed (Overdevest and Rickenbach 2006; Basso et al. 2011) . The Brazilian Program of Forest Certification (CERFLOR) is the best-known forest certification system in Brazil, while the FSC and the Programme of the Endorsement of Forest Certification (PEFC) are the most important international systems (Basso et al. 2011; Meidinger 2011) . The FSC certification system began in 1993 with standards set for managed forests around the world. The aim of the system was to strike a balance between social, environmental, and economic issues central to forest management (Rua et al. 2009 ). In 2015, there were approximately 181 million ha of forests holding FSC certification in 80 countries. Brazil has the largest forest area certified by this system in Latin America, followed by Chile, Uruguay, and Bolivia (FSC 2015a) . In 2014, Brazil had 63 % (4.88 mi ha) of its plantations certified, including 2.6 million ha under FSC, 1.7 million ha under both FSC and CERFLOR/PEFC, and 0.58 million ha under CERFLOR/PEFC (IBA 2015) . In 2014, there were 7.74 million ha of forest plantations in Brazil, 71.9 % with Eucalyptus spp., 20.6 % with Pinus spp. and the remaining area with Acacia spp. including Araucaria angustifolia (Bertol.) Kuntze, Hevea brasiliensis L., Populus spp., Tectona grandis L. f., and Schizolobium amazonicum Huber ex Ducke (IBA 2015) .
An organization acquiring FSC certification should adhere to its principles and policies, which reflect the organization's values and aspirations for sustainably managed forest systems. These principles aim to maintain both biodiversity and productivity while also ensuring the livelihood of local populations. The predefined criteria for certification include regulations that prescribe, for example, the methods to be used for forest establishment (Ericksson et al. 2007) . Certification is important for sustainable forest management, and it may also permit access to new markets through improved business management (IBA 2015) . In addition, certification ensures compliance of forest management activities with local social and environmental laws, especially those that relate to protected areas and conservation estates (Basso et al. 2012) . In particular, the FSC "Principles and Criteria" include standards for forest certification, such as the "Pesticide Policy," which describes the relevant requirements of FSC with regard to the use of pesticides for forest management. The standards consist of the following three central elements: (a) the identification and prevention of "highly hazardous" pesticide use, (b) the promotion of "nonchemical" methods for pest management as an integrated strategy, and (c) the proper use of pesticides (FSC 2007) . The indicators for assessing the degree of danger for using a particular product are included in this policy along with a list of products. Active ingredients classified as "highly hazardous", according to FSC's evaluation, are therefore prohibited from use in certified forestry. As a result, an organization seeking certification will need to halt its use of the active ingredients listed in the policy (Tabaković-Tošić et al. 2011) .
Certified companies are required to follow the prescriptions of the FSC Pesticides Policy, and if a prohibited product is needed, an application for derogation must be submitted (FSC 2007) . Through the derogation process, a specific need for the active ingredient for managing a specific insect, weed and/or disease must be demonstrated (FSC 2012) . The pesticide for which the derogation is being applied must be shown to be the only economically, environmentally, and socially viable as well as technically feasible method to control the specific pest that is affecting forest health or productivity. Following the derogation approval, requirements and conditions are set for the use of the prohibited pesticide. The list of active ingredients prohibited from use in FSC-certified forest areas is reviewed periodically and was last updated in 2015 (FSC 2015b) . Several active ingredients used in forest plantations, including deltamethrin, fenitrothion, fipronil, and sulfluramid, which are used for leaf-cutting ant and termite management in Brazilian plantation forests, are prohibited (FSC 2015b) . Consequently, forestry companies in Brazil and elsewhere face difficulties in adhering to the criteria imposed by the certification systems on the use of chemical pesticides due to the lack of equivalent alternatives for the integrated management of several pests (Govender 2002; Carnegie et al. 2005; Rolando et al. 2011) . This is especially true for leaf-cutting ants and termites in South America where these insects are major pests for most tree species planted throughout the continent, and there are few efficient techniques available to control and manage them (Della Lucia et al. 2013) .
The active ingredients in the pesticide derogation for managing leaf-cutting ants in Brazil are sulfluramid, fipronil (both used in granulated baits) and deltamethrin (used in powder formulation). Fipronil used for the management of root termites (as dispersible granules or via root immunization) is also used in derogation (FSC 2015c) . Fipronil and sulfluramid were included in the prohibition list due to their acute toxicity to mammals and birds. Deltamethrin was also prohibited for this reason and because it is considered an endocrine disrupting chemical, exhibiting acute toxicity to aquatic organisms (FSC 2015b, d) .
The objectives of this work are to (1) present an overview of the biology, damage and management of leaf-cutting ants and termites in Brazilian forest plantations and (2) present and discuss recommendations provided by FSC that accompany its approval of the derogation for using deltamethrin, fipronil, and sulfluramid (including the current methods, alternatives, conditions, side effects, and application techniques) that are considered "highly hazardous" pesticides used for managing leafcutting ants and termites in certified forest plantations in Brazil.
2 Leaf-cutting ant and termite biology and plantation damage overview
Leaf-cutting ants
The leaf-cutting ant species of the genus Atta (Hymenoptera: Formicidae), which occur in Eucalyptus spp. (Myrtaceae) plantations in Brazil, include Atta laevigata (F. Smith, 1858), Atta sexdens (L., 1758) (including three subspecies), and Atta cephalotes. Those of the genus Acromyrmex include 11 species (Boaretto and Forti 1997) . Leaf-cutting ants also present a threat to other forest crops in the country, including Pinus spp. (Pinaceae) (Hernández and Jaffé 1995; Cantarelli et al. 2008) , Hevea brasiliensis L. (Euphorbiaceae) (Schroth et al. 2003) , Tectona grandis L.f. (Lamiaceae) (Passos et al. 2006) , and others still unpublished. These ants may be selective during foraging (Della Lucia et al. 2013 ).
The ants have several adaptations that make their management and control difficult compared to methods commonly used for other pests. These adaptations consist of a complex colonial structure, foraging, fungus cultivation, hygiene, and social organization (Della Lucia et al. 2013) . Leaf-cutting ants are social insects, and their colony acts as a superorganism, featuring a long-living queen that is responsible for the structure of the colony and for laying eggs. The progeny, which include the workers, have different functions within the colony; for example, winged males and females are responsible for forming new colonies (Della Lucia 2011). Therefore, techniques that control individuals other than the queen are unlikely to be successful unless there is a strong and negative impact on the queen or workers are killed faster than the queen can lay eggs, compromising the nest sustainability (Della Lucia et al. 2013; Zanetti et al. 2014) . In addition, leaf-cutting ants do not feed directly from the leaves but from the symbiotic fungus cultivated inside their colony. As a result, eliminating their fungal garden may be an alternative control measure (Zanetti et al. 2014) . However, it is difficult to reach the fungal garden with contaminants (e.g., pesticides, fungus pathogen, or competitor) due to the ant nest structure, social organization, and high level of hygiene (Della Lucia et al. 2013) .
The economic injury level of leaf-cutting ants is between 13.4 and 39.2 m 2 of nests/ha in Eucalyptus plantations in Minas Gerais State, Brazil , but this level may vary in areas with seedlings or regrowth forest. Just one nest may reduce wood production from 0.04 to 0.13 m 3 /ha , and the losses caused by the insects may vary with plant age and the intensity of attack. For instance, defoliation during the first year of a plantation may cause tree mortality (Anjos et al. 1993) . Pinus caribaea Mor. plants damaged by A. laevigata showed a negative correlation between nest density and timber volume (Hernández and Jaffé 1995) . In addition,1-month-old seedlings of Pinus taeda L. (Pinaceae) with complete defoliation by leaf-cutting ants suffered losses of 13.3 % in height and 20.0 % in diameter 1 year later (Reis Filho et al. 2011 ). An Acromyrmex attack reduced the growth in diameter and height of P. taeda during the first 2 years of planting (Cantarelli et al. 2008) . These numbers illustrate a local situation because specific factors may influence the economic injury level; therefore, the characteristics of the plantations and the level of infestation per forest management unit should be considered (Mendes 2004) .
Leaf-cutting ants commonly found in forest plantations can be easily controlled using granulated baits with sulfluramid or fipronil with the typical application of 10 g of bait for each square meter of loose soil for each nest (Zanuncio et al. 1997 (Zanuncio et al. , 1999 Delabie et al. 2000; Zanetti et al. 2003a, b) . The first application is usually completed before harvesting or planting or as a way to protect the plant sprouts. The second is applied against the remaining small-sized ant nests and may involve baits in mini-plastic bags (MPBs) or systematic bait distribution in the area. The control of leaf-cutting ants is concentrated during periods of low humidity over the course of the year, when ant foraging activity is higher. However, fogging is an alternative method to using bait: it is typically applied during rainy periods for use against large nests such as those of the genus Atta; however, its use is associated with significant environmental costs (Cruz et al. 1984; Anjos et al. 1998 ). Constantino, 1995 (Constantino 2002 , although other species may also be present (Berti Filho 1993; Amaral-Castro et al. 2004) .
Termites
Like ants, termites are social insects that build nests for the purpose of colony protection and food storage and to maintain ideal conditions for the development of its individuals. Termite colonies are comprised of two castes: a reproductive one, formed by the winged king and queen, which is responsible for the proliferation of the colony, and the wingless caste, with workers serving in different functions. Unlike a colony of leaf-cutting ants, the termite queen can be replaced. Additionally, the food collected by workers is consumed by both the workers and the dependent individuals living in the colony. As a forestry pest, termites feed on wood, dead or alive, as well as roots and other organic matter (Berti Filho 1993) while symbiotic organisms (such as protozoa, bacteria, and /or fungi) living in their guts digest the cellulosic material. Some species may also grow a fungal garden for food (Berti Filho 1993) .
Despite being beneficial organisms, especially for nutrient cycling, termites are pests in forestry due to the damage they cause in virtually all plant developmental stages (Berti Filho 1993) . Detailed information on the biology of these insects, including management strategies and an identification key for the most common species, are available (Berti Filho 1993) .
Fipronil concentrations of 0.35 and 0.5 % are the most common and effective treatments for controlling root termites in Brazilian forestry. The treatment is applied by soaking the roots of seedlings with the fipronil solution before planting or applying it around the planted seedlings; this can provide up to 6 months of protection against the pests (Wilcken and Raetano 1995).
Brazilian derogation process and alternatives proposed by FSC
A derogation allows the temporary use of pesticides rated as "highly hazardous" by FSC in its pesticide policy. It also seeks recommendations for possible alternative methods for controlling insects and/or diseases in forest plantations in order to obtain and/or maintain certification. The Brazilian derogation procedure was initially developed as a cooperative effort between forestry companies and academic researchers. Significant data that included documentation on product characteristics, information and statistics of incidence, severity, damage, and losses caused by pests were gathered and prepared. This process also consisted of feasibility studies and results of tests using non-chemical or less toxic alternatives, pest management methods, cost-benefit analysis, and evaluations of social and environmental impacts.
Efforts were also made to better understand the bioecological uniqueness of forest plantations and leafcutting ants and termites in Brazil. In addition to the strict legal requirements regarding the registration and use of pesticides in this country, a significant body of knowledge produced over the years was available on integrated pest management and forest entomology. Indeed, integrated pest management has not yet fully focused on the specific requirements for forest certification in Brazil; however, the search for alternatives to overcome such problems was satisfactory as the derogations were approved. The first Brazilian derogation process, in which it took about 2 years for the approval of the majority of derogation requests, included deltamethrin, fenitrothion, fipronil, and sulfluramid for leaf-cutting ant control and fipronil for termite control. FSC recommendations were followed after the approval.
All reviewed alternatives discussed in this opinion paper are based on the conditions and recommendations presented by FSC expert advisers to Brazil at the time of derogation approval for those active ingredients (Isering and Neumeister 2010) . The recommendations have been grouped and summarized into three major points to facilitate the discussion, as follows: (1) reduction in the amount and number of pesticide applications, (2) reduction in the side effects to nontarget organisms and people, and (3) development of control alternatives using biological and/or non-chemical methods. The full list of proposed alternatives and recommendations may be reviewed by consulting Isering and Neumeister (2010) . The viability of the alternatives is discussed through literature review. In some cases, the experiences of the authors and collaborators were considered in addition to data from unpublished academic documents (e.g., dissertations and theses).
4 Leaf-cutting ant control 4.1 Reduction in the amount and number of pesticide applications Preventive control reduces crop damage, occurrence, reinfestation, environmental damage, and the impact of a later control measure. Forest plantations are particularly vulnerable to attack by leaf-cutting ants during the first year (Pikart et al. 2011) ; therefore, the insects must be controlled to avoid irreparable losses. The critical acceptable density of the nests is not the one that reaches the economic injury level; instead, it is the density that reaches that injury level after growth has occurred during a specific period of time. Further, a sampling plan is vital for the management of leaf-cutting ants to determine the spatial distribution of the nests, making the control decision more accurate, which in turn reduces the amount of pesticide that must be applied (Caldeira et al. 2005) .
A reduction in the use of sulfluramid baits must be preceded by a reduction in the infestation, which may require a greater application of bait in the plantation stage. Reduction goals should be established considering each silvicultural stage. Proper application with dosage optimization (obtained through experimentation) and monitoring are essential methods for reducing the use of leaf-cutting ant insecticides. In the long term, this makes it possible to reach a stability period with a low level of ant nest infestation, making it feasible to reduce the number of applications. However, compulsory bait application reduction goals may actually increase infestation levels and thus lead to a subsequent increase in insecticide use.
Sampling and monitoring are important tools for reducing the number of pesticide applications. Samples with transect bands having a recommended distance of 96 m between the bands showed similar results compared to an exhaustive census of nests within the plantation (Almeida Reis et al. 2010) . Additionally, while the line transects method results in lower accuracy than the previous method, it can provide valuable insights for pest management Sossai et al. 2005) . Monitoring must also consider the areas surrounding the plantation because the ants may live outside but forage inside the plantations (Cantarelli et al. 2006) . At a minimum, nests located within 50 m from the edge of the plantation should be controlled, including native vegetation areas (Magistrali and Anjos 2011) .
Another proposed alternative for reducing the use of ant insecticide includes the use of plastic bags and MPBs. The plastic bag bait containers can hold approximately 50 g of ant baits, protecting them against rain, moisture, and the action of wild animals; however, they have not been used because of higher costs compared to MPBs (Almeida 1982) . MPBs are small plastic bags containing granulated bait, usually between 5 and 10 g (Parma and Ulhüa 1986) . The main advantage of this technique is that it is not necessary to locate a specific nest and apply the insecticide. Instead, an initial sampling at the time of planting should be conducted to define the infestation rate, which will inform the density of plastic bags per hectare (Laranjeiro et al. 1986 ). In addition to these advantages, intact MPBs may remain in the field for up to 4 months and prevent an ant reinfestation (Laranjeiro et al. 1986 ). The most effective dose of MPBs for controlling Acromyrmex crassispinus (Forel, 1909) in Eucalyptus urophylla × Eucalyptus grandis hybrid plantations was 5 g with a higher carrying rate than with 10 g of bait (Ukan 2008) . The use of MPBs is justified in situations such as for the control of small Atta nests at the initial stage, for the control of Acromyrmex in areas with thick undergrowth hindering its location (Zanetti et al. 2003a ) and on humid and rainy days when the direct application of bait has a low efficiency.
Reduction in the side effects to non-target organisms and people
The forestry sector was a pioneer in replacing bait that was based on dodecachlor with sulfluramid (Zanuncio et al. 1992 (Zanuncio et al. , 1993 . Sulfluramid is less toxic with slow action, low persistence in the environment and rapid degradation. Nevertheless, it needs to be applied properly to reduce the impact on certain ant species, especially other Formicidae, a diverse and important ant family (Ramos et al. 2003) . The method of systematically applying bait may have a higher impact on the diversity of this insect group in comparison to localized control (Ramos et al. 2003) . Therefore, the method of directly applying bait along tracks and on ant nests on dry days has prevailed. This direct application has resulted in an increased level of bait uptake by the ants, a lower quantity of bait applied per area unit and a reduction in potential environmental contamination and adverse effects on non-target organisms. However, the level of difficulty in locating small nests, such as those of Acromyrmex, is dependent on the strategies of soil conservation and/or the presence of grasses or undergrowth plants, which in turn may lead to the necessity of broad, systematic bait applications to control leaf-cutting ants (Zanetti et al. 2003a) .
Forest plantations are investing in the development of techniques for the handling and application of bait, and they have made efforts to train workers and improve the equipment used in these tasks. Following the proper techniques, the bait applications are planned and performed by trained personnel while considering the safety and health of workers along with environmental impacts. Furthermore, labor laws in Brazil provide a high level of security that minimizes exposure to workers, especially those involved in chemical applications.
The behavioral responses of the insects to bait application vary with the environmental conditions, even between nests of the same species of leaf-cutting ant. In combatting the pests, environmental conditions should be evaluated when identifying the best method and time to apply bait in order to reduce adverse effects on non-target organisms. For example, some ant species, such as Acromyrmex laticeps nigrosetosus (Forel, 1908) demonstrate predominantly nocturnal activity. Their activity correlates negatively with air temperature and positively with relative humidity (Araújo et al. 2002) . On the other hand, the activity of Acromyrmex landolti balzani (Emery, 1890) occurs in the afternoon (Poderoso et al. 2009 ). Moreover, the nocturnally active A. cephalotes workers are smaller than the diurnally active ones, although they exhibit better foraging performance. This is probably due to fewer ants crowding the trails (Yackulic and Lewis 2007) .
While both the localized and systematic methods of bait application affected the ant population, the systematic method had the highest impact on species diversity of non-target ants in Eucalyptus plantations over time (Ramos et al. 2003) . A systematic application is made once a year but not across the entire area, which allowed non-target species within the plantations and surrounding areas to recover their populations.
Development of control alternatives using biological and/or non-chemical methods
Alternative techniques to control leaf-cutting ant nests have been pursued. One of the FSC suggestions is the use of spinosad, a new insecticide class considered to have a low risk. The product activates the enzyme acetylcholinesterase and extends the responses to acetylcholine, which in turn over-stimulates the nervous system of the insect (California Department of Pesticide Regulation 2002). While colonies of Solenopsis invicta Buren, 1972 were not killed when treated with the spinosad-based bait in the laboratory, in the field, a mortality rate of 17 % was observed (Oi and Oi 2006) . Because the ants distribute the spinosad through trophallaxis (Barr 1997) , the colony size and the foraging rate explain the low efficiency of this product (Oi and Oi 2006) . Leaf-cutting ant nests, particularly of the genus Atta, are large and their control is inefficient when only soldiers and workers of the colony are killed, while the queen remains alive. After a period of decline, the nest will return to normal activity; this is similar to the process that occurs when chemical powder applications with deltamethrin are used (Mariconi et al. 1981) . Furthermore, spinosad application may reduce the frequency and diversity of other ant groups in the plantations (Pereira et al. 2010) .
Other recommendations proved to be ineffective in controlling the leaf-cutting ants in the field. Boric acid causes mortality of Atta sexdens rubropilosa workers, but it does not control the colony (Takashi-Del-Bianco 2002) . A lower survival rate of workers of this species in vitro was found with boric acid when tested at different concentrations (Sumida et al. 2010) . The control of leaf-cutting ants using diatomaceous earth, a low-toxicity insecticide used for pest control in stored products, houses and gardens (Quarles 1992) , was very low compared to sulfluramid granulated baits (Ferreira-Filho et al. 2015) . Plant extracts have also been tested for controlling leaf-cutting ants. The use of cassava (Manihot esculenta Crantz.) (Euphorbiaceae) extracts, as recommended by the FSC, was unsuccessful. Cassava is defoliated by several ant species in Brazil, including A. sexdens, A. cephalotes, A. laevigata, Acromyrmex rugosus (F. Smith 1858) and Acromyrmex octospinosus (Reich, 1793) (Bellotti and Schoonhoven 1978; Blanton and Ewel 1985; Rando and Forti 2005) , indicating that this plant may not be toxic for their cultivated fungus or ants. Moreover, extracts of Carapa guianensis Aubl. (Meliaceae), Elaeis guineensis Jacq. showed toxicity to A. sexdens rubropilosa workers, but in fogging, these extracts were not sufficient to control the nests in the field (Oliveira 2006 ). In addition, the essential oils of Citrus spp. seeds showed low toxicity to the fungus cultivated by the ants (Fernandes et al. 2002) . The attractiveness of baits with extracts from Aleurites fordii Hemsley (Euphorbiacae) and Hovenia dulcis Thunberg (Rhamnaceae) plants has also been studied. Fungus-growing ants of various species carried the baits of Beauveria bassiana (Bals.) Vuill. with extracts of these plants (Specht et al. 1994) . For FSC certification, the attractiveness of the bait is not a major problem, but rather the active ingredient that poses the challenge. For example, the loading of the base bait Metarhizium anisopliae was completed without the extracts from the attractive plant (Lopez and Orduz 2003) .
Other control methods being tested include entomopathogens, such as fungi, nematodes and bacteria, although research is still being conducted in the laboratory and very few studies have been field tested thus far. The fungi B. bassiana, M. anisopliae (Metsch.) and Isaria farinosa (Holmsk.) Fr. caused an 80 % mortality rate in A. sexdens sexdens soldiers after 4 days of inoculation (Loureiro and Monteiro 2005) . Similar work was conducted with Atta bisphaerica and A. sexdens rubropilosa soldiers using eight isolates of M. anisopliae and six of B. bassiana, with four being virulent to the ant species (Castilho et al. 2010) . Again, these efforts appear to be misdirected because the aim should be to control the symbiotic fungus or to suppress the queen instead of individual ants; there is no benefit in killing the soldiers. Another factor influencing the fungal action on the leaf-cutting ants is the bacterial biofilm on the cuticle of these insects. The biofilm releases antibiotic substances that prevent the growth of antagonistic fungi that can threaten the cultivated fungus. It also guarantees protection against pathogenic fungi, such as M. anisopliae, that could threaten the individuals themselves (Mattoso et al. 2012) .
The use of B. thuringiensis has also been explored for controlling leaf-cutting ants. Bacillus thuringiensis was isolated from Ac. crassispinus and Ac. lundi (Guerin, 1838) and applied to individuals of the second species in the laboratory. The best results were found in two isolates, with 80 % and 100 % mortality rates, respectively, for the ants after seven days; however, tests were not conducted on entire nests in the field (Pinto et al. 2003) .
The use of entomopathogens and plant extracts appears to misdirect the focus to controlling individuals rather than the whole nest. In fact, none of the evaluated recommendations was effective in controlling leaf-cutting ants in forest plantations. To develop effective low-toxicity ant insecticides, research must instead focus on substances that inhibit or destroy its symbiotic fungus which will kill the ants by starvation and thus control them properly. It is also essential that for efficient control, these substances (1) must act both by ingestion and contact, (2) are not repellents, (3) exhibit delayed toxic action, (4) are lethal at low concentrations and (5) halt cutting activities in the very first days after application. These factors are important because of the ant social organization and the high levels of hygiene previously mentioned.
Silvicultural practices may have a significant effect on leafcutting ants when combined with other techniques. For instance, native vegetation strips separating the stands may allow leaf-cutting ants to find alternative host plants and reduce the infestation on the plantation (Zanetti et al. 2000) . A. sexdens rubropilosa was more attracted to the leaves of Gmelina arborea Roxb. (Lamiaceae) and Caesalpinia ferrea Mart. ex Tul. (Fabaceae) than to those of E. grandis in the laboratory (Peres Filho et al. 2002) . Furthermore, leaf-cutting ants may discriminate between species of the same genus. Foragers of Acromyrmex nigrosetosus laticeps preferred E. urophylla and Eucalyptus camaldulensis Dehnh (Myrtaceae) compared with Eucalyptus cloeziana F. Muell. (Myrtaceae) (Marsaro Júnior et al. 2007 ). Tillage techniques are already being routinely used in the forestry sector for soil conservation purposes. Adopting tillage may delay the initial infestation as the crop residues are present in the area, but they do not stop the damage caused by the ants, which in turn requires other control methods. The localized application of bait may show lower efficiency in areas planted with minimum tillage. This is primarily because of the difficulty the ants face in locating and transporting the bait (Zanetti et al. 2003a ). In addition, minimum tillage plantations may reduce nest monitoring efficiency, which may result in systematic control becoming mandatory in these areas. On the other hand, fertilized queen ants find it more difficult to establish new colonies in areas of minimum tillage and are more exposed to predators, which can reduce their colonization rate.
5 Termite control 5.1 Reduction in the amount and number of pesticide applications
The best way to improve fipronil applications is by evaluating the level of damage on the plantation through proper monitoring. This is important for obtaining information for correct decision-making in terms of application, especially in cases of post-planting. The data collected during monitoring included identification of damaged seedlings and correlations between the percentage of seedlings damaged in both treated and untreated areas. This information is related to different aspects of the area (e.g., implantation, reform, or leading), prior occupation of the area, amount of organic matter in the soil, planting season, soil type, etc., and can be used to determine the possible level of damage by termites in young plantations.
This information can also help with deciding whether to implement chemical control during plantation and in identifying ways to reduce unnecessary applications and reduce the amount of insecticide applied. After chemical treatment, the area should be monitored until the seedlings reach a size where termite damage to the roots is no longer important. While cardboard baits (Termitrap®) were developed to monitor H. tenuis and other subterranean termite species (Almeida and Alves 1995), they are not an efficient decision-making tool. Furthermore, organic waste in the area, the density of the plant's root system and even soil moisture may produce biased results.
Reduction in the side effects to non-target organisms and people
The application of fipronil to control termites considers risks associated with applicators and non-target organisms. The planning and execution of seedling treatment, preventive control, and application after planting as a curative control all must follow specific safety, human and environmental health guidelines in addition to legal requirements. Moreover, seedling treatment reduces the amount of insecticide applied and is restricted to the root system, minimizing the impact on nontarget organisms.
Development of control alternatives using biological and/or non-chemical methods
The use of spinosad and borax for leaf-cutting ant control was not effective against termites, possibly for the same reasons previously given. The direct application of these products with injections on pallets infested with Cryptotermes brevis (Walker, 1853) achieved less than a 60 % mortality rate for this insect (Woodrow et al. 2006) .
The use of the minimum tillage is a suitable silvicultural practice to reduce termite damage to seedlings because the higher quantity of organic matter in the soil increases food availability for termites and reduces the likelihood of seedling damage. However, increased nutrient availability can promote the proliferation of these insects, making their control more difficult due to the presence of plant material. The availability of plant material in the soil makes it more difficult to identify the location of nests (Lopes et al. 2009 ) and prevents the ability of using traps for monitoring levels of infestation at the pre-planting stage.
Final considerations
There are a significant number of published alternatives to the use of deltamethrin, fenitrothion, fipronil, and sulfluramid to control leaf-cutting ants and termites in Brazil. Much of this research has been conducted in cooperation with the forestry industry in Brazil. The knowledge gap has been identified, and cooperative action plans have been developed between forestry companies and the academic community to meet the requirements of the conditions set by the FSC derogations.
Alternative techniques to control leaf-cutting ants remain ineffective as a replacement for the use of granulated baits with insecticide, which are currently prohibited and now in derogation by the FSC. However, it is necessary to continue the search for alternatives with better results. Alternatives from scientific studies have not yet acquired efficiency on a commercial scale. Many of these new techniques are focused on controlling the number of workers and soldiers for ants and termites; however, they will only be effective for controlling these pests in the field if the entire nest is treated as a single individual.
In Brazil, the process of certifying forest plantations has a specific feature that cannot be ignored. Government agency and broad legislative requirements that address chemicals for forest protection are very restrictive and aim to reduce problems associated with pesticide use in the country. Indeed, Brazil has updated the rules that regulate pesticides from the point of manufacture to the return of the empty product containers. As such, an environmental risk assessment may be a more suitable tool for the classification of products by FSC. In terms of identifying such environment risks, it would be valuable to account for general conditions relating to the use of chemicals, environmental factors, and the level of human exposure.
